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aid input signal containing a first data stream includin g 
data stream, where p is an integ er n umber, and 

the modulated sipnal having symbols, each of which is rep resen ting one of m sip n,! r „w g ;„ 
a vector space diagram, where m is an integer number and the vector ggace Hi.^ includes an f ^ 
and a Q axis e xtending in d irections p erpendicular to each other 

said modulator operable to divide said m signal points into g signal p.j n t groups assip n the 
5 values of the first data stream to the g signal point groups respectively assig n data of the se^nd 
data stream to signal points of each of the g signal point grouns anH select t he signal p oint, ;„ ,h, 
vector space diagram a ccording to said input sig n al, so that 

said m signal points are distinguishable fr™ one another in the v ector snace di a p r am k v a <w 
set of thresholds dividing the vector space diagram into m reg ions, and the a sig n, ] Doin t gr onns ar e 
distinguishable from one another in the vector space diagr am bv a second set of thresholds HiviH^ 
the vector space diagram more coarsely than the fi r st set of thresholds into g rep ionc 

signal points in each of said signal point groups are allocated m the vector s p a ~ A„ r »„ , t 
equal intervals , 

a distance in the vector space diagram between any closest twn c ^ ai noinrs nf anv aHj a ^ 
two signal point proups is 2o x n where n is a shift v.h.e which is nwe than i and 28 rep ute „ 
distance in the vector space diagram between anv adv ent two signal P nint s of the m sip na , prtin , c 
when the m signal points are allocated in the vector sp a^ H j agram at eq ual inte rs in the T avi<; anH 
O axis directions of the vector space diagram and 

said signal transmission apparatus opera ble to transmit a n information of the value m 




1^ A signal rec eiving app ar atus comp rising; 

- a demodulator operable to demodulate a received signal to ob tain a reconstructed 
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said received sign al having symbols, each of which is representing one of m signal p oints in 
a vector space diagram, whe re m is an i nte g e r nu mber and the vector space diagram includes an T axis 
and a Q axis extending in directions perpendicular to each othe r , the m signal points being divide 
into g signal point groups each containing m / g si gnal points, where g is an integer number, and 

said reconstructed data containing a first data stream i n cluding g vah.es of bit patterns whirl, 
are assigned to the g signal p oint gro up s a nd a s econd data stream including m/g values of bit patterns 
which are assigned to the m/g signal point s of each of the g signal point g roups- 

said demodulator operable to distinguish the m/g signal p oints in each of the g signal p oint 
groups by a first set of thresholds and reconstru ct data of the second data stream corresponding tn 
values of the distinguished m/g signal points in each of the g sig na l point group s an d operable to 
distinguish the g signal point groups from one an o ther bv a second set of thresholds and reconstruct 
data of the first data stream c orrespo nd ing t o values of the distinguished g sipnal point group s 
wherein: 

said m signal points are distinguishable from one another in the vector space diag ram h y 
means of the first set of thre sholds divid i ng t h e v e ctor space diagram into m regions, and the g sig nal 
point groups are distinguis hable from on e a nothe r in the vector space diagram hv means of the second 
set of thresholds dividing the vector space diagram more coars e ly than the first set of thresholds into 
g regions- 
signal points in each of said signal point groups are a l located in the vector snace diag ram at 
equal intervals: 

a distance in the vector space diagram between anv cl osest two sig nal points of anv adj acent 
two signal point groups is 26 x n. where n is a sh ift value which is more than 1 and 25 represents a 
distance in the vector space diagram between a n y adjacent two signal points when the m signal p oints 
are allocated in the vector space diagram at eq u al intervals in the I axis and O axis directions of the 
vector spac e diagram: 

said signal receivin g apparatus operable to extract an information of the value m from the 
received sig nal 
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16, A signal rece iving apparatus of claim 1 5 

wherein the seco nd set of thresholds are the T and Q axis of the vector space diag ram 

A signal transmission method comprising: 

- modulating a carrier wave with an input signal t o produce a modulated sig nal and 

- transmittin g the modulated signal 

said input signal containing a first data stream includ i ng g values of h it patterns and a rep.nnH 
data stream, where g is an integer number and 

the modulated signal having symbols, each of whic h is representing one of m sig nal points 
in a vector space diagram, where m is an integer number an d the vector space diagram include an 
I axis and a Q axis exte nding in directions perpendicular to each other 

said modulating including dividing said m signal points i nto g signal noint groups assigning 
the g values of the first data stream to the g signal noint g roups respectively, assigning data of th* 
second data stream to signal points of each of the g signal noint g roups, selecting the signal p oint, 
in the vector space dia gram according to said input signal so that 

said m signal points are distinguishable fr o m one another in the vector space diagram h Y a 
first set of thresholds dividin g the vector s p ace d iagram into m regions, and the g signal point group s 
are distinguishable from one another in the vector space diagram hv a second set of thresholds 
dividing the vector space diagram more coar sely than the first set of thresholds into g reg ions 

signal points in each of said signal noint grouns are allocated in the vector sp ace diagram at 
equal intervals 

a distance in the vector space diagram between an y closest two signal points of any adjacent 
two signal point groups is 2o x n, where n i s a shift value which is more than 1 and 28 represents a 
distance in the vector space diagram between any adjacent two s ignal points when the m signal p oints 
are allocated in the vector space diagram at eq ual intervals along the I and O axis of the vector sp a™ 
diagram, and 

said signal transmission method further including transmitting an information of the valne m 
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JJL A signal tra nsmission method of claim 1 7 

wherein the second set of thresholds are the I and O axis of the vector sp a ce diagram 

!£. A signal receiving method comprising- 

- demodulating a received si gnal to obtain reconstructed data 

said received signal having symbols each of which is representing one of m signal p oints in 
a vector space diagram, where m is an integer number an d the vector space diagram includes an I axis 
and a Q axis extending in directions perpendicular to each o t her, the m sig n al points heing divide 
into g signal point groups each containin g m/g signal points, where g is an integer number and 

said reconstructed data containing a first data strea m including g values of bit p atterns whirh 
are assigned to the g signal point grouns an d a second data stream including m/g values of hit p atterns 
which are assigned to the m/g signal poin t s of each of the g signal point g roups 

said demodulating including distinguishing the m/ g signal points in each of the g sig nal point 
groups by a first set of thresholds an d for reconstructing data of the second data str^m 
corresponding to values of the distinguished m /g signal noints in each of the g signal point group s and 
distinguishing the g signal point grouns fro m one another by a second set of thresholds and for nwm. 
structing data of the first data stream co r responding to values of the distinguished g signal point 
groups: wherein: 

said m signal points are distinguishable fro m one another in the vector space diagram h Y th* 
first set of thresholds di viding the vec to r space diagram into m regions, and the g signal point group s 
are distinguishable from one another in the v ector space diagram bv the second set of thresholds 
dividing the vector space diagram more co a rsely than the first set of thresholds into g reg ions, 

signal points in each of said signal point grouns a re allocated in the vector sp a ce diagram at 
equal intervals: 

a distance in the vector space diagram betwee n anv closest two signal points of anv adjacent 
two signal point groups is 2fi x n. where n is a shift value which is more than 1 and 28 rep resents a 
distance in the vector space diagram betwee n anv adjacent two signal points when the m signal p oints 
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are allocated in the vector snace diagram at e q ual intervals in the I axis and O axis directions of th* 
vector space diagram: 

said signal receiving method further including extracti n g an information of the value m from 
the received signal. 

2Q, A signal rec eiving method of claim 1 9 

wherein the second set of thresholds are the I and O axis of the vector space diagram 
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